Abstract: This synthesis identifies future research needs in atmospheric mercury science, based 1 on a series of review papers, as well as recent developments in field data collection, modeling 2 analysis, and emission assessments of speciated atmospheric mercury. Research activities are 3
velocities, to estimate dry deposition fluxes (Zhang et al., 2016b ). Further refinement of existing 139 methods for directly measuring dry deposition fluxes is needed (Huang et al., 2014) . 140
141
The most common approach for measuring dry deposition flux of oxidized mercury (GOM and 142 PBM) is using devices with surrogate surfaces collecting the oxidized mercury (Wright et by foliage and likely an active process by the vegetation. After uptake, oxidation of GEM could 155 occurred and stored in the foliage Yu et al, 2016) and part of the oxidized 156 mercury can be reduced and re-emitted back to the air (Gustin, 2011) . Gradient methods also 157 have large uncertainties due to (1) lack of homogeneity of underlying surfaces, and (2) small 158 gradients compared to instrumental detection accuracy. A modified gradient method is worth 159 considering for measuring GEM flux (Wu et al., 2015) . Relaxed eddy accumulation would work, 160 but is a complex measurement technique (cf. Ostwalder et al., 2016) . Concurrent gradient 161 2016b). Such a combined campaign would be useful for quantifying the flux to forests, which are 174 a potentially large sink of mercury worldwide. The geospatial coverage of GEM flux data is 175 highly heterogeneous, and more field observations are needed in South America, South Asia and 176
Africa (Zhu et al., 2016) . 177
178
Other research advancements that can improve our understanding of flux exchanges include 179 developing a fast-response detection technique at sufficiently high sensitivity to reduce the 180 uncertainty of flux measurement, investigating kinetic parameters of Hg transformation (redox 181 and coordination chemistry) in soil and on surfaces to fundamentally understand bi-directional 182 GEM exchange, and developing mechanisms describing physicochemical and biological 183 processes contributing to evasion and deposition processes. The quantity of GEM air-surface 184 exchange at global scales can then be re-assessed using models that better describe processes. 185 186
Chemical mechanisms 187
Due to the limited knowledge on the chemical forms of oxidized Hg and its ultra-trace 188 concentrations below the detection limit of existing instruments, both monitoring networks and 189
CTMs use the operationally defined oxidized Hg (GOM and PBM). Incorporating results from studies like these is likely to cause significant changes in predicted 219 rates of GEM oxidation in different geographical regions and various parts of the atmosphere, 220 which can be consequential to simulations of the spatiotemporal variability of GOM 221 concentrations and deposition (Horowitz et al, 2017) . Moreover, calculated product yields could 222 provide directions and guidance for laboratory experiments. Quantum chemical computation can 223 in theory also be extended to studying the kinetics of aqueous and solid phase reactions, which 224 could address multiphase redox chemistry. However, this remains quite challenging as it is very 225 difficult to determine the geometries of aqueous and solid compounds among a multitude of 226 other issues. SOP and QA procedure was also adopted by the Global Mercury Observation System (GMOS) 389 for use at its >20 global sites (Sprovieri et al., 2016) . Therefore, the two networks, GMOS and 390
AMNet are using very similar procedures to produce comparable observations of mercury. 391 The value of consistent global measurements of atmospheric Hg concentrations will diminish 405 without free exchange of data among scientists. As with AMNet, and planned with APMMN, all 406 measurements should be validated using similar techniques, shared in organized databases, and 407 released freely. This will allow modellers to use data for model evaluation, determination of 408 locations with high concentrations, and provide data useful for scientists tracking mercury as it 409 moves through the ecosystem. Furthermore, it will allow for policy makers to determine if 410 mercury emission control achieves the desired deposition reduction of mercury compounds. 411
Monitoring networks in regions other than the above-mentioned are also encouraged to fill data 412 gaps in terms of spatial coverage on the global scale, particularly in Africa and South America. 413
414
It is conceivable that networks with large numbers of passive air sampling sites could 415 
Conclusions 438
Extensive field data of atmospheric mercury has been collected in the past several decades, and 439 analysis and application of these data have generated a significant amount of knowledge 
